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Superconductivity in the Model with non Cooper Pairs
I.M.Yurin, V.B.Kalinin
Institute of Physical Chemistry, Leninskiy prosp. 31, GSP-1, Moscow, 119991, Russia∗
On a basis of earlier substantiated expression for effective potential of electron-electron attraction
in metals the assumption of an opportunity of formation of classically bound pairs is put forward. It
was shown that in distinction from the Cooper pair, the energy of the electron pair in this approach
is negative in the centrum of mass of the pair. This fact changes the pattern of the superconductivity
phenomenon in the proposed model. First, the gap in the one–particle spectrum appears due to the
effect of a ”mean field” on the energy of electron state from the side of occupied states, the nearest
neighbors over the momenta grid. Second, the condensate is formed by electron states with energies
below that of the gap edge. No Bose condensation does occur in the system proceeding from the
proposed model. In quasi-classical approximation Londons’ hypothesis is substantiated.
I. INTRODUCTION
At present, it is the superconductivity theory put forward by Bardeen, Cooper and Schrieffer in 1957 that is con-
sidered generally accepted 1. In the framework of this theory, one succeeded in clarifying a great many of experiments
devoted to investigating so-called conventional superconductors, i.e., those with rather low transition temperatures.
At the time of discovering high-temperature superconductivity (HTSC), the most optimistic assessments of BCS
theory yielded the value of about 40 K as the possible maximal transition temperature TS .
The discovery of HTSC divided research workers into two big groups. One part of research workers is continuing to
consider the BCS theory to be suitable for describing HTSC: for this purpose, it would be sufficient to substantiate
the introduction of large values of constants of electron-phonon interaction. Now, other research workers consider the
BCS theory to be applicable to conventional superconductivity. However, for example, in cuprates one has to search
for novel mechanisms of the pairing of electrons. As concerns the authors of the present paper, they are in obvious
minority, forming a group considering it to be necessary to radically revise the existing superconductivity theory. In
the framework of the novel theory that is being developed in our works the HTSC has been naturally substantiated,
whereas the descriptions of superconductivity and HTSC are lacking essential differences.
In order to properly understand the present-day state of the superconductivity theory, it is needed to thoroughly
consider the generally accepted BCS theory. The BCS Hamiltonian binds the pairs with zero momenta only, and has
the following form:
HBCS =
∑
σ,k
Tkc
+
σ,kcσ,k −
g
Ω
∑
EF−ωD<Tk<EF+ωD
EF−ωD<Tp<EF+ωD
c+↑,pc
+
↓,−pc↓,−kc↑,k, (1)
where Tk is the kinetic energy, c
+
σ,k and cσ,k are the operators of the creation and annihilation of the electron with
momentum k and spin index σ = ± 1
2
(or σ =↑, ↓ respectively), EF is the Fermi energy, Ω is the volume of the system,
and ωD is the Debye frequency.
A rigorous analysis shows that Hamiltonian (1) describes a dielectric rather than a superconductor. It is possible to
become convinced in that already by scrutinizing so-called ”elementary Cooper superconductor”, which is essentially a
single pair of electrons bound together by the interaction term of the Hamiltonian (1) (it is curious that in distinction
from the classically bound pairs, the energy of Cooper pair in the system of the centrum of masses with realistically
chosen parameters of the model is positive).
Let us assume for the sake of simplicity that ωD = EF . If we apply to the Cooper superconductor a voltage V of
such a value that the condition 2eV < Eb is fulfilled, where Eb is the energy of a pair to be counted from the bottom
of the conductivity zone and e is the electron charge, then the response of such a system to the electrical field will be
calculated in the framework of the perturbation theory, for the energy of the Cooper pair is separated from all other
states by an energy gap Eb. Thus, the Cooper ”superconductor” is actually incapable of screening the electrical field,
that is, in the BCS system even the properties of normal metal have been lost.
It may seem that Bose condensation for many pairs can substantially change the situation. This supposition refutes
the strict solution of a many electron problem for the reduced BCS Hamiltonian, as given in study 2. It turns out
that the ground state of such a system is also separated from other states by an energy gap. Therefore, in order
to induce current, it is necessary to consume a finite quantity of energy, which is incompatible with the claimed
superconductivity properties. In other words, the BCS model actually describes the Mott hypothetical transition,
when the ground state of the system proves to be dielectric, and has nothing in common with the superconductivity
problem.
2It may seem that we have to deal with a shortcoming of the original formulation of BCS theory. In the further course,
when we pass over to considering the bound pairs with the momenta that are different from zero, this shortcoming
disappears. Let us show this does not correspond to reality.
So, in the framework of Gor’kov transformation 3, some of the interaction terms of the Hamiltonian
H =
∑
σ,k
Tkc
+
σ,kcσ,k +
∑
σ,ν
∑
p,k,q
V realq c
+
σ,p+qc
+
ν,k−qcν,kcσ,p (2)
are diagonalized by a transition to the operators of the creation and annihilation of bogolons:
γ+σ,p = upc
+
σ,p − 2σvpc−σ,−p,
γσ,p = upcσ,p − 2σvpc+−σ,−p. (3)
The parameters up and vp are determined in the framework of the self-consistent Hartree–Fock procedure based on
equation for the bogolons’ spectrum
[
H, γ+σ,p
]
= Epγ
+
σ,p. The appearance of the gap in the spectrum is treated as a
transition into the superconductivity state.
Now we are going to note that equation
[
H, γ+σ,p
]
= Epγ
+
σ,p has a physical sense only in the case where the vacuum
state |BCS〉, satisfying the condition γσ,p |BCS〉 = 0, is stationary (in the BCS theory this vacuum state is considered
the ground state of the system). For further purpose, it is sufficient to write the Hamiltonian (2) in the operators
γ+σ,p and γσ,p.
In the case of the BCS Hamiltonian accounting for the terms with the structure γ+γ+γ+γ+ we derive the following
expression |δψ| ∼ N/Ω , where δψ is a correction of the first order of the perturbation theory to the wave function
of the state |BCS〉, and N is the mean number of electrons in the system. But, in a general case for Hamiltonian
(2), the analogous terms give |δψ| ∼ N3/2/Ω, or |δψ| ∼ n√N , where n is concentration of electrons in the system.
Therefore, the Gor’kov procedure is definitely incorrect when describing real systems with large dimensions.
Now, let us consider Eliashberg’s equations 4, which are frequently referred to as the modern formulation of BCS
theory 5. These equations were derived from the Fro¨hlich model in 1960. At the same time, it is long known 6 that
in the Fro¨hlich model it is impracticable to effect the consistent taking into account of the Coulomb electron-electron
interaction in the procedure of screening electron–phonon potential. This circumstance reveals the irrelevance of
the Eliashberg’s equations for Green’s functions of electrons and phonons with respect to the essential point of the
renormalization problem. Moreover, the use of anomalous expectation values makes the determination of the ground
state of the system as unsubstantiated as in the case of Gor’kov transformation.
The consistent renormalization in the system of electrons and phonons was for the first time carried into effect in
study 7. It has been shown that introduction of an additional kinetic terms ∼ q−1 (2b+q bq − b+q b+−q − bqb−q), where b+q
and bq are the operators of the creation and annihilation of the phonons of longitudinal polarization with momentum
q, enables one to balance a series of singularities in the long-wave limit, that arise in the process of renormalization.
The consideration of the long-wave limit of the electron–phonon and, accordingly, electron–electron interaction is
especially relevant in studying the electron pairs that are bound in the classical sense. In fact, it is easy to take into
account the short-wave interaction in the framework of the perturbation theory because of high values of the arising
energy denominators. Therefore, in distinction from the BCS theory, it is just the long-wave interaction that should
play the crucial role in the substantiation of physically relevant superconductivity theories.
In the framework of the same works 7, when taking into consideration electronic correlations, we have derived an
expression for the effective Hamiltonian of degenerated Fermi gas in the model of monatomic metal:
Heff =
∑
σ,k
Tkc
+
σ,kcσ,k +
∑
σ,ν
∑
p,k,q
U˜p,kq c
+
σ,p+qc
+
ν,k−qcν,kcσ,p. (4)
In that, with p, k≫ mS , we have
U˜p,kq ∼ −
( zm
3M
)2 e2
εq2
K2F
q2 − 4m2s2
K2F
q2 − 4m2s21
, (5)
where z is the number of conductivity electrons per cell, m is the zone mass of electron, M is the mass of ion, ε
is the dielectric permittivity of the electrons of valence zone, KF is the Fermi wave vector, s is the initial velocity
of phonons, which is linked with the observed sound velocity S in metal by a relationship S =
√
s2 + zm
3M V
2
F , VF is
the Fermi velocity, s21 =
(
1 + zm
3M
εK2F
λ2
)
s2, and λ−1 is the Thomas-Fermi screening length. In study 7, we actually
considered a doped semiconductor. In such a case, the electron states may be divided into the states of valence and
conductivity zones. In this, the values of dielectric permittivity ε and the initial velocity of phonons s are of explicit
3parent dielectric origin. Future investigations will certainly show how correct is the approximation suggested above
for describing the metals of periodic system.
Now, we are going to make several remarks pertaining to the subject-matter of this paper. Firstly, the presence of
singularities in Eq. (5) is not at all unavoidable in the framework of the approach being developed. As a matter of
fact, taking into account the phonon and electron scattering will be conducive to the disappearance of singularities
in Eq. (5): this may be achieved by introducing supplementary terms to the initial Hamiltonian introduced in 7.
Secondly, one has to perceive distinctly the peculiarities of the construction of the ground state in the framework
of the proposed approach. From the very beginning, we believe the ground state of the system may be represented in
the following form:
|Φ0〉 =
∏
σ,k<KF
C+σ,k |0〉 , (6)
where C+σ,k are the operators of the creation of quasi-particles originating from electrons.
During the renormalization procedure, taking into account electron correlations, and solving other problems, these
operators are refined; however, even the appearance of the bound states of Hamiltonian Heff does not change equation
(6). This circumstance qualitatively distinguishes our approach from the most studies, in which the Hamiltonians
presupposing the presence of bound states are considered to be initial ones, and, accordingly, the determining of the
ground state of the system represents a separate problem.
II. CONSTRUCTION OF THE MODEL HAMILTONIAN
The effective electron–electron interaction (4) was obtained in the first order of the perturbation theory with respect
to the small parameter U˜/T . Let us try to generalize the obtained results for the case where the perturbation theory
does not work. So, after the completion of the renormalization procedure, let us consider the following Hamiltonian:
H =
∑
σ,k
Tkc
+
σ,kcσ,k +
∑
σ,ν
∑
p,k,q
Up,kq c
+
σ,p+qc
+
ν,k−qcν,kcσ,p. (7)
The scheme of introducing the concept of effective Hamiltonian is similar to that set forth in papers 7. At first, we
consider the Hamiltonian Heff that, as one would think, is even formally not linked with Eq. (7):
Heff =
∑
σ,k
Tkc
+
σ,kcσ,k
+
1
2
∑
p,k,q
U˜p,k0,q
(
c+↑,p+qc
+
↓,k−q − c+↓,p+qc+↑,k−q
)
(c↓,kc↑,p − c↑,kc↓,p)
+
∑
σ
∑
p,k,q
U˜p,k1,q c
+
σ,p+qc
+
σ,k−qcσ,kcσ,p
+
1
2
∑
p,k,q
U˜p,k1,q
(
c+↑,p+qc
+
↓,k−q + c
+
↓,p+qc
+
↑,k−q
)
(c↓,kc↑,p + c↑,kc↓,p) . (8)
Using transformation
C+σ,p = c
+
σ,p +
∑
ν
∑
k,q
θp,kσ,ν,qc
+
σ,p+qc
+
ν,k−qcν,k,
Cσ,p = cσ,p +
∑
ν
∑
k,q
θ∗p,kσ,ν,qc
+
ν,kcν,k−qcσ,p+q, (9)
the Hamiltonian Heff is transformed to the following form
Heff =
∑
σ,k
TkC
+
σ,kCσ,k
+
1
2
∑
σ,p 6=k
Ep,k1 C
+
σ,pC
+
σ,kCσ,kCσ,p
4+
1
4
∑
p 6=k
Ep,k1
(
C+↑,pC
+
↓,k + C
+
↓,pC
+
↑,k
)
(C↓,kC↑,p + C↑,kC↓,p)
+
∑
p
Ep,p0 C
+
↑,pC
+
↓,pC↓,pC↑,p
+
1
4
∑
p 6=k
Ep,k0
(
C+↑,pC
+
↓,k − C+↓,pC+↑,k
)
(C↓,kC↑,p − C↑,kC↓,p). (10)
In distinction from study 7, in Eq. (8) it has been taken into account that in higher than the first orders of the
perturbation theory with respect to parameter the effective potentials for singlet and triplet pairs may differ from
each other. Moreover, the parameters of transformation (9) will be determined, not from the perturbation theory,
but will be reassigned by the expressions of a more general form:
θp,kσ,σ,q =
1
2
(
δqk−p − δ0q
)
+ χp,k1,q ,
θp,kσ,−σ,q = −δ0q + χp,k0,q + χp,k1,q , (11)
where δ...... is a Kronecker’s 3D-symbol, χ
p,k
0,q and χ
p,k
1,q are defined by equations on the two-particle eigen states of the
Hamiltonian Heff (see Eq. (8) and Appendix):
Heff
∣∣∣Sp,k1
〉
=
(
Tp + Tk + E
p,k
1
) ∣∣∣Sp,k1
〉
,
Heff
∣∣∣Sp,k0
〉
=
(
Tp + Tk + E
p,k
0
) ∣∣∣Sp,k0
〉
, (12)
where
∣∣∣Sp,k1
〉
=
∑
q
χp,k1,q c
+
↑,p+qc
+
↑,k−q |0〉 and
∣∣∣Sp,k0
〉
=
∑
q
χp,k0,q
(
c+↑,p+qc
+
↓,k−q − c+↓,p+qc+↑,k−q
)
|0〉.
The equations on the effective potentials U˜p,ki,q are derived in the following manner. Formally, the transformation is
introduced, which is reciprocal to transformation (9):
c+σ,p = C
+
σ,p +
∑
ν
∑
k,q
θ∗k−q,p+qσ,ν,q C
+
σ,p+qC
+
ν,k−qCν,k,
cσ,p = Cσ,p +
∑
ν
∑
k,q
θk−q,p+qσ,ν,q C
+
ν,kCν,k−qCσ,p+q. (13)
Using Eq. (13), the Hamiltonian (7) is written in operators C+ and C. In such a written form, the terms appear in the
Hamiltonian having the structure C+C+C+CCC, which, in the random phase approximation can be reduced to the
form 〈C+C〉C+C+CC (here and further the broken brackets 〈...〉 designate the averaging with respect to the ground
state). These terms and some other arising terms with the structure C+C+CC define supplementary potentials D˜p,k0,q
and D˜p,k1,q . Then the self-consistency equations on the effective potentials U˜
p,k
i,q become
U˜p,ki,q = U
p,k
q + D˜
p,k
i,q (14)
In the case where the perturbation theory is applicable, i.e.,
χp,k0,q ≈
1
2
(
δ0q + δ
q
k−p
)
,
χp,k1,q ≈
1
2
(
δ0q − δqk−p
)
, (15)
Eqs. (14) little differ from those derived in study7. We are now interested in the case, where some solutions form the
states of discrete spectrum, and relationships (15) corresponding to these states are not fulfilled.
Let us restrict ourselves to the consideration of the case where the Hamiltonian has one bound-state solution with
a zero spin for pairs with momentum P. For all the remaining unbound pairs with p+k = P, the following equation
is fulfilled: χp,k0,q ≈ 12
(
δ0q + δ
q
k−p
)
. Determine for which pair this relationship has not been fulfilled (it is the pair
forming the discrete spectrum).
For this purpose, note once more that it is the long-wave part of the electron–electron interaction, which plays the
main role in the formation of bound states. When considering the electron–electron interaction of two-particle states
5in the framework of the perturbation theory, the energy denominator ∼ (p−k)q. Hence, it attains the minimal value
when p ≈ k. That is why the bound pair originates from the state of two free electrons that are located on one site
of the momentum grid or on the neighboring ones.
We will reckon that the pair binding energy Eb considerably exceeds corrections E
p,k
i for the pairs whose spectrum
is well described by the perturbation theory. Then, for a crystal with dimensions L × L × L and periodic boundary
conditions, we arrive to the following model Hamiltonian:
Hmod =
∑
σ,k
TkC
+
σ,kCσ,k
−
∑
k
EbC
+
↑,kC
+
↓,kC↓,kC↑,k
−1
4
∑
Eb
(
C+↑,pC
+
↓,k − C+↓,pC+↑,k
)
(C↓,kC↑,p − C↑,kC↓,p)
{p 6= k; |pα − kα| ≤ 2pi/L, α = x, y, z} . (16)
The energy of a quasi-particle E˜p in the mean field approximation accounting for the nearest neighbors over the
momenta grid is determined by the following equation:
E˜pC
+
σ,k =
[
Hmod, C
+
σ,k
]
= (Tk − 14Ebρk)C+σ,k, (17)
where ρk is the mean value of the occupation number in the vicinity of the site k.
Eq. (17) enables one to obtain the qualitative picture of changes in the electron spectrum during variation in
temperature 8. At the lowest temperatures, the spectrum has a gap of the magnitude 2∆0 = 14Eb. As temperature
rises, the gap decreases. At the transition point, the spectrum reveals a singularity, whereas at a temperature which
is higher than the transition point, the gap completely disappears.
The transition temperature can be estimated from an equation ∂ρ/∂E|E˜=µ = −∞, where µ is the chemical potential
of electrons. Assuming for ρ the Fermi–Dirac distribution function, we obtain for the transition temperature Ts:
Ts =
∆0
2
. (18)
In distinction from the BCS model, the gap forming in the system is evidently superconducting. It follows from the
following speculations: firstly, it is possible to obtain the current state of the system by shifting the wave function of
the ground state in the momenta space, without consuming the finite energy; secondly, the collision integral in such
a system is frozen out according to the exponential law.
The superconducting condensate forms the ground state of the system. The thermally excited electrons outside the
momenta space, which is occupied by condensate, and the holes inside the condensate form normal gas that, contrary
to the BCS theory, is electrically neutral. All the processes of scattering in the system occur only for the normal
gas. Therefore, it proves to be extremely difficult to estimate the condensate relaxation time with non-zero current.
However, it is most likely that here we have to do with astronomic values.
Winding up the description of the procedure of introducing the model Hamiltonian, we note once more that in
the case where two–particle solutions of discrete spectrum appear in the system, the transformations (9) and (13)
are of formal, auxiliary character for the determination of the model Hamiltonian in the space of wave functions of
eigen states of the Hamiltonian Heff . These transformations allow one to derive also expressions for the operators
of the values observed, corresponding to the Hamiltonian Hmod. Thus, for the operator c
+
σ,pcσ,p+l , to be applied to
determining the current density, we have the following expression:
c+σ,pcσ,p+l = C
+
σ,pCσ,p+l
−
∑
ν,k
C+σ,pC
+
ν,kCν,kCσ,p+l
+
∑
ν,k
∑
z,y
χ∗k,p1,z+yχ
k+z,p−z+l
1,y C
+
σ,pC
+
ν,kCν,k+zCσ,p−z+l
+
∑
ν,k
∑
z,y
χ∗k,p0,z+yχ
k+z,p−z+l
0,y C
+
σ,pC
+
−σ,kC−σ,k+zCσ,p−z+l. (19)
We shall employ this equation to calculate the response of the conde
6III. THE BEHAVIOR OF CONDENSATE IN ELECTROMAGNETIC FIELD
The appearance of electromagnetic field in the system under consideration is described by introducing a supple-
mentary term Hem. In this, the total Hamiltonian of the system has the following form:
Htot = Hmod +Hem, (20)
where
Hem = −1
c
∑
q
A−q,tjq,
Aq,t = L
−3/2
∫
A (r, t) e−iqrdr,
jq = −eL
−3/2
2m
∑
σ,k
(2k+ q) c+σ,kcσ,k+q −
e2L−3
mc
∑
σ,k,l
Aq−l,tc
+
σ,kcσ,k+l, (21)
while the expressions for c+σ,kcσ,k+q and c
+
σ,kcσ,k+l may be substituted from Eq. (19).
We will search for the wave function of the condensate coinciding the wave function of the ground state of the
system in the following form:
|Φt〉 =
∏
σ,k<KF
C˜+σ,k (t) |0〉 , (22)
whereas for C˜+σ,k (t) we assume the fulfillment of the following relationship:
i
∂C˜+σ,k (t)
∂t
=
[
Htot, C˜
+
σ,k (t)
]
. (23)
It is presumably obvious that Schro¨dinger’s equation i ∂∂t |Φt〉 = Htot |Φt〉 will then be fulfilled, and, accordingly, the
evolution of the system with time will be correctly described. It is also easy to see that one-time operators C˜+ and
C˜ satisfy the conventional commutation relationships for fermions.
In the first order of the perturbation theory with respect to parameters A/T and Ep,ki /T , it is possible to derive
the following expressions:
C˜+σ,p (t) =
∑
x
φpx,tC
+
σ,x +
∑
x,y
∑
k,z
(
ψ1,p,kx,y,t − φpx,tφky,t
)
φ∗kz,tC
+
σ,xC
+
σ,yCσ,z
+
∑
x,y
∑
k,z
(
ψ0,p,kx,y,t + ψ
1,p,k
x,y,t − φpx,tφky,t
)
φ∗kz,tC
+
σ,xC
+
−σ,yC−σ,z,
C˜σ,p (t) =
∑
x
φ∗px,tCσ,x +
∑
x,y
∑
k,z
(
ψ∗1,p,kx,y,t − φ∗px,tφ∗ky,t
)
φkz,tC
+
σ,zCσ,yCσ,x
+
∑
x,y
∑
k,z
(
ψ∗0,p,kx,y,t + ψ
∗1,p,k
x,y,t − φ∗px,tφ∗ky,t
)
φkz,tC
+
−σ,zC−σ,yCσ,x, (24)
whereas for φ and ψ we assume the fulfillment of the following relationships:
i
∑
x
∂φpx,t
∂t
C+σ,x |0〉 = Htot
∑
x
φpx,tC
+
σ,x |0〉 ,
i
∑
x,y
∂ψ0,p,kx,y,t
∂t
(
C+σ,xC
+
−σ,y − C+−σ,xC+σ,y
) |0〉 = Htot∑
x,y
ψ0,p,kx,y,t
(
C+σ,xC
+
−σ,y − C+−σ,xC+σ,y
) |0〉 ,
i
∑
x,y
∂ψ1,p,kx,y,t
∂t
C+σ,xC
+
σ,y |0〉 = Htot
∑
x,y
ψ1,p,kx,y,tC
+
σ,xC
+
σ,y |0〉 , (25)
Assuming that it is possible to apply the perturbation theory to solving Eqs. (25) with accuracy up to linear terms
with respect to A, we may expect the fulfillment of relationships:
φpx,t = δ
p
xe
−iTpt,
7ψ0,p,kx,y,t =
1
2
(
δpxδ
k
y + δ
p
yδ
k
x
)
e−i(Tp+Tk+E
p,k
0 )t,
ψ1,p,kx,y,t =
1
2
(
δpxδ
k
y − δpyδkx
)
e−i(Tp+Tk+E
p,k
1 )t. (26)
Now, the idea proper of calculations consists in the following. If we express the density of current j in operators C˜+
and C˜, then it will be simple to calculate the mean value 〈j〉. For this purpose, we will define the transformation
which is reciprocal to that, given in Eq. (24):
C+σ,x =
∑
p
φ∗px,tC˜
+
σ,p
+
∑
p,k
∑
y,z
(
ψ∗1,p,kx,y,t − φ∗px,tφ∗ky,t
)
φzy,tC˜
+
σ,pC˜
+
σ,kC˜σ,z
+
∑
p,k
∑
y,z
(
ψ∗0,p,kx,y,t + ψ
∗1,p,k
x,y,t − φ∗px,tφ∗ky,t
)
φzy,tC˜
+
σ,pC˜
+
−σ,kC˜−σ,z,
Cσ,x =
∑
p
φpx,tC˜σ,p
+
∑
p,k
∑
y,z
(
ψ1,p,kx,y,t − φpx,tφky,t
)
φ∗zy,tC˜
+
σ,zC˜σ,kC˜σ,p
+
∑
p,k
∑
y,z
(
ψ0,p,kx,y,t + ψ
1,p,k
x,y,t − φpx,tφky,t
)
φ∗zy,tC˜
+
−σ,zC˜−σ,kC˜σ,p, (27)
Then, in the operators C˜+ and C˜ the expression c+σ,kcσ,k+l, included in the expression for current density will be as
follows:
c+σ,pcσ,p+l =
∑
p′,p′′
φ∗p
′
p,t φ
p′′
p+l,tC˜
+
σ,p′C˜σ,p′′
−
∑
ν,k′
∑
p′,p′′
φ∗p
′
p,t φ
p′′
p+l,tC˜
+
σ,p′C˜
+
ν,k′C˜ν,k′C˜σ,p′′
+
∑
k,p,z
∑
y
χ∗k,p1,z+yχ
k+z,p−z+l
1,y
∑
ν,k′,k′′
∑
p′,p′′
ψ∗1,p
′,k′
p,k,t ψ
1,p′′,k′′
p−z+l,k+z,tC˜
+
σ,p′C˜
+
ν,k′C˜ν,k′′C˜σ,p′′
+
∑
k,p,z
∑
y
χ∗k,p1,z+yχ
k+z,p−z+l
1,y
∑
ν,k′,k′′
∑
p′,p′′
ψ∗0,p
′,k′
p,k,t ψ
0,p′′,k′′
p−z+l,k+z,tC˜
+
σ,p′C˜
+
−σ,k′C˜−σ,k′′C˜σ,p′′
+
∑
k,p,z
∑
y
χ∗k,p0,z+yχ
k+z,p−z+l
0,y
∑
ν,k′,k′′
∑
p′,p′′
ψ∗1,p
′,k′
p,k,t ψ
1,p′′,k′′
p−z+l,k+z,tC˜
+
σ,p′C˜
+
−σ,k′C˜−σ,k′′C˜µ,p′′
+
∑
k,p,z
∑
y
χ∗k,p0,z+yχ
k+z,p−z+l
0,y
∑
ν,k′,k′′
∑
p′,p′′
ψ∗0,p
′,k′
p,k,t ψ
0,p′′,k′′
p−z+l,k+z,tC˜
+
σ,p′C˜
+
−σ,k′C˜−σ,k′′C˜σ,p′′ (28)
Limiting ourselves only to unrelativistic terms in the equation for
∂jq
∂t with an accuracy of up to the second order
with respect to parameter A, it is possible to derive
〈
∂jq
∂t
〉
= −e
2L−3
mc
∑
σ,p,l
∂Aq−l
∂t
〈
c+σ,pcσ,p+l
〉
= −e
2n
mc
∂Aq
∂t
, (29)
or
〈jq〉 = −e
2n
mc
Aq, (30)
which just constitutes the essential point of Londons’ hypothesis.
IV. CONCLUSIONS
In our opinion, it is possible to subdivide the existing, relevant from the viewpoint of physics studies on the
superconductivity theory into two categories enumerated below.
1. Systems with Bose–Einstein Condensation
8In such works, the Hamiltonians with electron-electron attraction are introduced, which are considered as initial
ones. In this, the boson operators corresponding to the bound states of electron pairs are used to determine the
ground state of the system.
The studies devoted to dealing with this problem are, as a whole, not systematized. Therefore, it is very difficult
to single out the most significant of them. It should also be noted that some of the papers anticipate the BCS theory
9. Therefore, the use of the term ”Cooper pairs” seems to be not quite suitable, especially from the viewpoint of the
remarks, given in the introduction to our paper.
With some provision, the modifications of the popular t − j model may be related to those studies. With a
certain selection of parameters of the model, for example j > t, a possibility arises of the formation of bound pairs.
The condition j > t is linked with a short-wave character of the interaction in the Hubbard form and Heisenberg’s
uncertainty principle. The authors of these works themselves call the choice of such parameters as ”unphysical” 10.
Now, the introduction of Hamiltonian to the studies devoted to the Bose condensation in Fermi gas is either
unsubstantiated or causes skepticism in the minds of most physicists 11. In this sense, we may reckon the authors of
these works are so far investigating hypothetical objects.
The concept of Bose condensate in such systems has a distinctly expressed sense. That is why the Ginzburg–Landau
theory using the wave function of Bose condensate in the definition of the order parameter of the system is quite valid.
2. Systems with the Fermi Condensation
In this case, the electron-electron attraction arises only with an effective potential which is calculated in an assump-
tion that the wave function of the ground state coincides in its form with the function of the ground state of a normal
metal |Φ0〉 =
∏
σ,k<KF
C+σ,k |0〉. The question to be settled resides merely in selecting the operators C+σ,k. The effective
potential is calculated in the framework of refining operators C+σ,k when solving the problem of renormalization and
accounting for electron-electron correlations. From this viewpoint, the operators C+σ,k are linked in a self–consistent
manner with the effective potential of the system, and there is no additional problem involving the definition of the
wave function of the ground state.
The substantiation of a possibility of the origination of the effective electron-electron attraction in metals is given
in study 7.
There is, presumably, so far no phenomenological theory available on the systems of such a kind.
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APPENDIX
Taking into account Eqs. (12), it is possible to expect the fulfillment of the following conditions:
χp,k0,q = χ
p,k
0,k−p−q, χ
p,k
0,q = χ
k,p
0,−q,
χp,k1,q = −χp,k1,k−p−q, χp,k1,q = χk,p1,−q;∑
z
χp,k+q0,z χ
k,p+q
0,q−z =
1
2
(
δ0q + δ
k
p
)
∑
z
χp,k+q1,z χ
k,p+q
1,q−z =
1
2
(
δ0q − δkp
)
. (A.1)
The fulfillment of these conditions is conducive to that the fermions commutation relationships for operators C+ and
C , as well, as their reciprocal transformation (13), are violated only beginning with 4-linear terms on the operators
of creation and annihilation. It is just this circumstance that is employed in constructing the model Hamiltonian of
the system.
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